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A reconfigurable simple design planar antenna for ultra-wideband 
applications is proposed, with E-shaped slot contained four narrow vertical 
slots that has the capacity of switching using four PIN diodes with a ground 
plan and a microstrip power line. An additional circularly polarized (CP) 
band is obtained by changing the on/off states of the PIN diodes. Moreover, 
the four PIN diodes are attached in the middle of the E-shape slot and used 
to switch the radiation flow of the patch. For validation, a patch antenna 
design is offered, based on a distinctive situation analysis. The antenna offers 
the low-ultra-wideband (UWB) frequencies band. Therefore, the switch of the 
operating states of PIN diodes gives us a good bandwidth re-configurability. 
In addition, with this flexible configuration we achieve a good -10 dB 
bandwidths with the ability to change the bandwith ranges from narrow-band 
2.3 GHz to wide-band 3.1 GHz. Also, we achieve a large band for 3 dB AR 
is 2.57 GHz. 


This is an open access article under the CC BY-SA license. 


Corresponding Author: 


Mohamed Bikrat 

Material and Instrumentaions: MIN, Electrical Engineering Department, Faculty of Sciences 
ESTM - Moulay Ismail University of Meknes, Meknes 50000, Morocco 

Email: bikratmed @ gmail.com 


1. INTRODUCTION 

Throughout the last decades, there has been an immense development and progress made in the field 
of tools and high-tech devices that utilise the not constrained transmitting and receiving antenna, in particular 
satellite, wireless local-area network (WLAN)/worldwide interoperability for microwave access (WiMAX), 
and mobile communication as well as radio frequency identification (RFID) communication. These types of 
antennas [1]-[4], are optimal for either transmitting or receiving signal in accordance with the antenna’s operation 
mechanism, and they are advantageous in terms of low cost, low profile and easy to be mass-produced [5], [6]. 
The antenna is considered as transmitter in the case radio frequency (RF) energy is radiated, whereas it is 
viewed as receiver when RF energy is captured in the overall system [7]—[9], therefore, enabling a broader 
understanding of the role and the scope of ultra-wideband (UWB) devices [10]—[12], and to check the 
difficulty of wireless communication standards referred to in the literature [13]—[15]. However, the use of 
spectrum resources from modern wireless communication systems is increasingly stringent [16], [17], 
requiring the antenna to be expanded to a wider band and more integrated. For body area network (BAN) 
applications using UWB technologies, as detailed in IEEE 802.15.6 standard [18], [19], and in comparison to 
other narrow ranges of frequency in [20]-[24]. 

In this article, a novel bandwidth reconfigurable antenna for WLAN/WiMAX applications is 
proposed. The reconfiguration technique is introduced to design an antenna controllable in bandwidth using 
multi-frequency and broadband techniques. We are able to attain three different impedance band widths by 
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changing the states of the PIN diodes to perform reconfigurability. To achieve a good impedance, a stable 
radiation pattern throughout the operation states, andgood gain. 


2. FREQUENCY RESPONSE 
The resonance frequency is expressed for the input impedance within the frequency band. 
The complicated input impedance can be represented by (1). 


zin (w) = R(w) + jX (w) (1) 


When zin(w) is the complex input impedance, R(w) is the resistor, X (w) is the radiation frequency 
and the reactant is. The antenna input impedance determines the reflection coefficient (I). 


r = (zin (w) - Z0(@)) / (zin (w) + Z0(@)) (2) 
We define the “Return Loss” as: 
Return Loss = RL = —20 logl (3) 


The bandwidth is closely related with the variation of the impedance which results in the limitation 
of the frequency range in the radiating element that can be matched to its excitation line [25]. Therefore, this 
defines the frequency range where the coefficient of reflection is below < —10 GB. In that case, it is enough 
to determine the value of the frequency corresponding to $11 < —10 dB see Figure 1. 


BW = fh — fl; S11 < —10 dB (4) 
BW [%] = 100(fh — fl) / fresonance; S11 < —10 dB (5) 


According to Hong et al. [26], an UWB compact selective frequency surface antenna with high 
selectivity is any antenna that emits and receives waves with a relative bandwidth Bfrac (fractional 
bandwidth) greater than or equal to 25%. It is defined as follows with fc being the center frequency: 


fe = (fh - fD/2 (6) 
Bfrac = 2 (fh — fl) /(fh + fl) = BW/ fc (7) 
TT 
S 
g2 
S ao 
M 7 23 24 25 26 27 


Frequency (GHz) 


Figure 1. Reflection coefficients of an antenna in dB as a function of the frequency 


3. ANTENNA DESIGN 

The design is illustrated in Figure 2. It has a (25x50) mm? with a ground dimension of (25x30) mm?. 
The proposed patch consists of a rectangular radiation patch with an E-shaped slot and a four narrow vertical 
slot, a microstrip supply lineanda ground plane. The antenna is designed with an FR4 dielectric substrate with 
relative permittivity of 4.4 and thickness of 0.8 mm. Four MPP4203 micro semidiodes [27] are attached to the 
center of the E-shaped slot. They are used as integrated switches between the radiation patch and the E-shape 
branch besides, they act as bridge for the current flow between the E-shapeand the four rectangles. The antenna 
was simulated using the commercial Ansoft high-frequency structure simulator (HFSS). The HFSS is used to 
perform this design and in the optimization process. The final parameters are Ls =50 mm, 
W1 = 1.3 mm, L3 = 1.5 mm, L1 = 8 mm, W4 = 18.5 mm, W3 = 1 mm, Lg = 30 mm, Ws = 25 mm, 
L2 = 1 mm, L4 = 15.5 mm, L5 = 1.5 mm, W2 = 1.5 mm, W5 = 0.2 mm. 
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Figure 2. Structure of the proposed antenna 


4. RESULTS AND INTERPRETATIONS 

We change the operational status of four PIN diodes to see the scalable procedure frequency 
response of the reflective bandwidth of -10 dB. Figure 3 demonstrates the scalable procedure for the 
proposed antenna. By changing the working state of the PIN diodes to 4.5 GHz. First, when all four PIN 
diodes are enabled, the antenna reverberates to 4.38 GHz. The distribution of surface current circulates 
mostly along the E-shape branch, which is similar to a monopole antenna. It generates only one relatively 
narrow impedance bandwidth that is 3.3 GHz, with one resonant frequency at 4.38 GHz. When the right PIN 
diode D1 is switched off, the bandwidth of -10 dB covers the frequency band from 2.7 GHz to 5.1 GHz, with 
an impedance bandwidth of 2.4 GHz. 

While the PIN diode D2 is turned off; the antenna resonates at 4.33 GHz. It has a relatively narrow 
impedance bandwidth with 2.05 GHz. However, when D3 is turned off, shows that the simulated impedance 
bandwidths cover the frequencies band from 2.6 GHz to 5.04 GHz. But for D4 is turned off the response of 
impedance bandwidths cover a large band of frequencies from 1.9 GHz to 5.1 GHz. 

Figure 4 shows the antenna performance for various PIN diodes states, with tow diodes are turned 
off everytime, which gives the following results: 

— When D1 and D2PIN diodes are off, the frequency response moves to high frequency at 4.1 GHz and at 
2.4 GHz. 

— When D2 and D3 PIN diodes are off, the -10 dB reflection bandwidth presents in the band of 
frequencies from 2.62 GHz to 5.1 GHz with large impedance band of 2.38 GHz. 

— When D3 and D4 PIN diodes are off, response of the -10 dB reflection bandwidth stills the same 

— When D4 and D1 PIN diodes are off, but antenna resonant change to 2.3 GHz. 

We observe that when choose to turn off one diode every time simultanlly, we get different resonance 
frequency for each case. Besides that, the bandwidth almost still the same for all cases. Indeed, we conclude that 
the switching-off of diodes from D1 to D4 allow our patch antenna to perform with many resonance frequencies 
begin with 2 GHz up to 5.1 GHz. 
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Figure 3. Reflection coefficients of the proposed Figure 4. Reflection coefficients of the proposed 
antenna with feeding frequency at 4.5 GHz antenna with feeding frequency at 4.5 GHz 


In Figure 5 we present the frequency response of the evolving -10 dB reflection bandwidth 
procedure, for different situation of PIN diodes. 
— DI is on, the -10 dB reflection bandwidth is 2.72 GHz, with resonant frequency around 4.7 GHz. 
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— D2 is on; response of the -10 dB reflection bandwidth is 2.8 GHz. 

— D3 ison, the reflection bandwidth of -10 dB present in the band the frequencies from 2.55 GHz to 5.22 GHz 
and with large band of 2.73 GHz. 

— D4 is on, however, response of the -10 dB reflection bandwidth is 2.65 GHz. 

In this step we choose to turn off two diodes for every case. In which we achieve multi resonance 
frequencies for two first cases (D1 is on) instead of the last towcases (D4 is on) when we get only one 
resonance frequency. Which give us a flexible use of our patch antenna. 

Figure 6 shows the simulation result forthe reflection bandwidth of the proposed antenna. To be precise: 

— When the four PIN diodes are activated, antenna resonates at 4.38 GHz. Moreover, it has an impedance 
bandwidth of 2.5 GHz. 

— When the four PIN diodes are off, the -10 dB reflection band response covers a relatively narrow 
frequency band of 2 GHz 5.1 GHz. 

In the opposite of the first step in Figure 2, we chose to turn on this time one diode everytime. 
At this step we get many separed resonance frequency for each case rather than the first step in witch we get 
approached resonance frequencies. Indeed, we see that step shows that our antenna could performe better 
than the first step. 

Figure 7 presents the -3 dB augmented reality (AR) bandwidths simulation result for different state of 
PIN diodes. However: 

— When the four PIN diodes are off, the simulated axial ratio bandwidth (ARBW) of 3 dB covers a narrow 
band of frequencies from 3.55 GHz to 3.68 GHz and a broad band of frequencies from 4.49 GHz to 
4.67 GHz. 

— When the four PIN diodes are turned on, the axial ratio bandwidth response of 3 dB covers a narrow band 
of frequencies from 3.52 GHz to 4.08 GHz and a broad band of frequencies from 4.69 GHz to 4.87 GHz. 
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Figure 7. AR bandwidths of the proposed antennawith feeding frequency at 4.5 GHz 


The proposed antenna circuit topology is determined by its geometry, frequency, and environment. 
Figure 8 shows the cell number for the equivalent circuitry. The number of cells is determined by the number of 
the input impedance local maxima as seen in Figure 9. However, the input cell (CO and LO) is calculated using 
the imaginary part of the input impedance plot of the antenna simulated, and we can calculate the components 
(Ri Li Ci) of each cell (i = 1,2,...N) from the real part of the input impedance of antenna in the air [28]. 
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Table 1 illustrates the patch equivalent circuit parameters; we observe that the number of components of each 
cell corresponds to the state of PIN diodes. Moreover, the components (Ri Li Ci) of the three cells are 
influenced when all the diodes are powered off. Equally; we noted that out of the three cells, cells 2 and 3 are 
the most affected by the change in the status of diodes. Meanwhile, input cell (CO, L0) is almost unaffected 
and can be said to be independent of status of PIN diodes. 


Cell 0 


L1 L2 Ln 
co LO : C1 | C2 Cn 


Cell 1 Cell 2 Cell N 


Figure 8. Topology of the equivalent circuit of the proposed antenna 


62.50 


—- im(Ze) diodes are on 

seee re(Ze) diodes are off 

“— im(Ze) diodes are off 
4 ~- re(Ze) diodes are on 


42.50 


22.50 


Z11 


N 
[N 
D 


-17.50 


A r r r tii tis 


-37.50 


Freq [GHz] 


Figure 9. Real and imaginary parts of the input impedance of the antenna 


Table 1. Antenna equivalent circuit parameters as a switch the operating state of four PIN diodes 


Circuit parameter 
Co (PF) bo OH) Ci (PF) nH) R (Q) C, (pF) LOH) R(Q) C; (PF) L0H) RO) 


States of PIN 


off 1.34 0.23 13.03 0.181 53 12.98 0.178 51 13.1 0.179 52.5 
On 1.35 0.21 16.95 0.16 43 13.18 0.185 55 


Figure 10(a), Figure 10(b), Figure 11(a), and Figure 11(b) are showing the simulated radiation patterns 
E-plan and H-plan foretow different modes. The radiation patterns for these states in the xz-plane are almost 
unaffected, so they are not shown for brevity. We can see that the level of cross-polarisation is very small. 
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Figure 10. Radiation patterns of the proposed antenna when thefour PIN diodes are on: (a) E side (YOZ) and 
(b) H side (XOZ) 
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Figure 11. Radiation patterns of the proposed antenna when thefour PIN diodes are off: (a) E side (YOZ) and 
(b) H side (XOZ) 


5. SURFACE CURRENT DISTRIBUTION 

In Figure 12, the surface current’s distribution of different states of four PIN diodes are mentioned. 
When the four PIN diodes are turned off at 4.5 GHz, it shows that the majority of the surface current spread 
from the bottom of the patch to the border and middle. That’s to say, the current’s density is most focused 
around the E-shaped slot and the center of the patch at edge of the patch as Figure 12(a). When all the four 
PIN diodes are turned on at 4.5 GHz, it shows that the majority of the surface current spreads from the 
bottom of the patch in four narrow vertical slots to the center of the patch. Moreover, the weak current is 
located along the border in E-shap and the four rectangles as Figure 12(b). 


JsurfLuA_per_m] 


5. 0000e+005 
4, 6429e+005 
4, 2857e+005 
3. 9286e+005 
3.5714e+005 
3. 2143e+005 
2. 8571e+005 
2. 5000e+005 
2. 1429e+005 
1. 7857e+005 
1.4286e+005 
1.0714e+005 
7.1429e+004 
3.5714e+004 
3. 0000e+000 


(a) (b) 


Figure 12. Surface current distributions (a) the four PIN diodes are switched off and (b) the four PIN diodes 
are switched at 4.5 GHz 


6. COMPARISON 

Table 2 provides a comparative summary of the recently proposed bandwidth reconfigurable 
antenna types published previously. The proposed antenna’s performance is compared with the other referred 
to antennas for the low-UWB frequencies band applications [29]-[32]. We came to the conclusion that our 
proposed antenna offers appropriate gains to enough bandwidths to cover the narrow-band and wide-band 
within a small size simple structure. 

We noted that our simulation result achieved better response than all results that were before and 
we had a large band that can reach up to 3.1 GHz (2-5.1 GHz) with reflection coefficient value of -56 dB, 
as mentioned in the comparative table simulation, especially when we observe the resonance frequency in the 
narrow-band and wide-band either cover all low-UWB frequencies band. In addition, this promising result 
comes as result of working with several states of PIN diodes, unlike what the previously published works opted 
for. Whereas, other published works antennas do not exceed 1.7 GHz inband and -35 dB in gain according to 
previous works [30]. Particularly results from article [32], the evolutionary procedure frequency response of 
the impedance bandwidth ranges from 5.65 GHz to 5.9 GHz, and reflection coefficient value is -34.08 dB, 
based on this result we can model and design a new antenna with new geometry such as C-shaped slot in 
order to get a large wide-band. Therefore, it is concluded that our work demonstrates good performance overall 
in terms of the gain and size as well as 3 dB ARBW and the —10 dB reflection bandwidth. 
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Table 2. Performance comparison of polarized antennas 


References Substrate size (mm*) Notching structure Band low-UWB (GHz) Reflection coefficient (dB) 
[29] 40x30x0.787 U-slot 5.1-5.8 -34 
[30] 19x19x1.6 Microstrip-fed circular monopole antenna 4.36-6.06 -35 
[31] 49.4x49.4x1.9 E-shaped fractal 3.23-3.65 -29 
[32] 26x22x0.21 Microstrip antenna array 5.65-5.9 - 34.08 
This work 25x30x 0.8 Four narrow vertical and E-shaped slot 2-5.1 -56 


7. CONCLUSION 

The reconfigurable bandwidth antenna has a rectangular radiation patch connected to a micro trip 
power line with an E-shaped slot and a truncated ground plane on the back of an FR-4 substrate. Two PIN diode 
pairs at the middle of the slot on the radiation patch control the current flow. The proposed antenna design was 
reviewed to determine the reconfigurability of the frequencies; as a effect, the performance of the antenna was 
satisfactorily compared to the recently released reconfigurable bandwidth antenna types. The result shows that 
by changing the working states of the diodes, the characteristic frequency bandwidth of the antenna can be 
reconfigured from narrowband to wideband. The impedance bandwidth ranges from narrow-band 2.3 GHz to 
wide-band 3.1 GHz with reflection coefficient value of -56 dB, thus our proposed antenna has a good abilty for 
sevral protocols of wirless communication technologies, such as fifth generation (5G), satellite communication, 
WLAN, and WiMAX. Moreover, we worked with four diodes, which give us the opportunity to have a 
flexible configuration in order to get switchable bandwidth with many reasonances frequencies, and the 
ability to manipulate and control electromagnetic behaviour. As result, this new conception is adequate with 
many different bands and has good isolation between different wireless standards with the following 
advantages: simple integration, low cost, lite weight. 
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